The external morphology of the cypris larva of the epibiotic barnacle Octolasmis californiana Newman, 1960, found on the gills of the portunid crab Callinectes arcuatus Ordway, 1863, from Nayarit, Mexico, is described for the first time. The cyprid is elongated, about 550 lm in length; the surface of the carapace exhibits scattered pores and short setae, with prominent frontal horn pores and five pairs of lattice organs. The arrangement of the lattice organs is different from previously reported patterns. The first pair of thoracopods is slightly different from the rest, for the endopod bears five setae and the exopod six, whereas thoracopods 2-6 bear six setae on the endopod and seven on the exopod. The external morphology of the cyprid of O. californiana combines derived characters, such as the type of lattice organs, with others that might be regarded as plesiomorphic, such as the setation pattern of the thoracopods.
Larval morphology has been extensively studied in many invertebrate groups in search of characters that can evidence homology and help elucidate species identity. Within the Cirripedia, much work has been conducted on the two larval stages of the group, the nauplius and the cypris, and the larval development of a number of species is known. However, as stated by Glenner and Høeg (1995) , little attention has been given to the anatomy of cyprids relative to the nauplius. Elfimov (1995) summarized the current knowledge on the external morphology of the thoracican cyprid based on scanning electron microscopy studies; size, carapace shape and ornamentation, and structure of appendages were judged to be important characters for phylogenetic analysis.
Regarding Octolasmis californiana Newman, 1960, little is known about its biology. Newman (1960) described the species, but no comments on its biology were included; Newman and Abbott (1980) listed the known decapod host species in California (Panulirus interruptus Randall, 1840; Loxorhynchus grandis Stimpson, 1857; Pugettia producta Randall, 1839; Cancer antennarius Stimpson, 1856; and C. productus Randall, 1839); and Voris and Jeffries (1997) used O. californiana, and other species of the genus, while searching for a pattern of the capitular plates size in relation to attachment site in the genus Octolasmis. Consequently, nothing about the larval stages of O. californiana is known. In this study we describe the external morphology of cyprids settled on gill lamellae of Callinectes arcuatus from Nayarit, Mexico, using light and scanning electron microscopy (SEM).
MATERIALS AND METHODS
Fifty C. arcuatus were captured in the Bahía de Matanchén, close to the town of San Blás, Nayarit, Mexico, between November 1996 and January 1997. Of these, 39 (78%) bore Octolasmis californiana attached to their gill lamellae or to the branchial chamber walls (Celis, 2001) . In most cases, the barnacles were juveniles and adults; however, cyprids were found in five crabs.
The crabs were initially fixed in 4% Formalin and later transferred to 70% ethanol. For the light microscopy study, the samples in 70% ethanol were directly observed in a BX 50 Olympus compound microscope. For the SEM study, small sections of gills with the cyprids attached were excised, postfixed in 1% OsO 4 , dehydrated, and criticalpoint dried with CO 2 . The samples were mounted, coated with gold, and observed in a Hitachi model S-2460N scanning electron microscope. We follow Glenner and Høeg's (1995) terminology for the description of the cyprid anatomy.
RESULTS
With very few exceptions, cyprids were always found attached to the gill lamellae just behind the triangular, spine-like projections that emerge from the exposed margin of the lamella ( Fig. 2A) . These attachment sites may prevent the larva from being removed by the host's epipodite of the third maxilliped which serves as a gill cleaning device.
The cyprids of Octolasmis californiana have, in dorsal view, an elongated shape, measuring 550 lm in length, 135 lm in width, and 270 lm in height. The posterior portion of the larvae, in contrast to cyprids of other species, has a homogeneous width along most of the body, with parallel ventral margins of the valves, and rounded anterior and posterior ends (Figs. 1A,  B) . A membranous extension of the mantle lining of the carapace runs the length of the larva ventrally, joining the valves medially. This membrane exhibits a series of fine foldings in the middle section, and opens anteriorly and posteriorly along the mid-line leaving spaces through which the antennules and the thoracopods can be extruded (Fig. 1C) .
The frontal horn pores, located on the anterior portion of the carapace, are oval, are approximately 15 lm long and 6 lm wide, and lie next to the ventral border of the valves (Figs. 1C, 2C, D) .
The surface of the carapace appears relatively smooth with scattered depressions bearing a single socketed seta, large pores, and a well-defined hinge line (Fig. 1A) . The distribution of setae on both valves is not symmetrical; one larva had 55 on one valve and 51 on the other one, whereas a second larva had 50 and 53 setae on each valve. In both cases, the setae were slightly denser on the anterior region of the carapace. Large pores, devoid of setae, appear dorsally next to but not connected to the lattice organs (Figs. 2F, 3A). Upon closer inspection, the surface of the valves is composed of minute pores (Fig. 2E) .
The disposition of the lattice organs in O. californiana conforms to the general rule: two anterior pairs and three posterior ones (Fig. 1A) . They correspond morphologically to the advanced type, relative to the Ascothoracida and Acrothoracica, defined by Jensen et al. (1994) , which is an elongated porefield surrounded by a smooth band of cuticle that separates them from the rest of the pores. The pores of the lattice organs are bigger and somewhat oval (Fig. 3B) . The length of each organ varies from 12.5 lm, in the second pair, to 15.9 lm in the fifth pair. The two anterior pairs have an anterior terminal pore, whereas the three posterior pairs have posterior terminal pores. The first lattice organs (most anterior pair) are rounded strips, their anterior tips close to the hinge line, whereas the posterior tips depart from the midline (Fig.  2F) . The anterior tips of the second pair overlap with the posterior end of the first pair, running straight from the external side towards the hinge line (Fig. 2F) . Members of the third and fourth pairs are straight structures located in the posterior fifth of the carapace (Fig. 3A) . The third pair lies diagonally, departing from the midline posteriorly. The fourth pair overlaps the third, and its members approach the midline posteriorly (Fig. 3A) . Members of the fifth pair lie in the most posterior portion of the carapace; they are slightly arched, converge posteriorly, and are farthest from the midline (Fig. 1A) . The antennules in the settled cyprids are not easily visible, except for the third antennular segment ( Fig. 2A, B, D) . The fourth antennular segments are generally buried in a diffuse mass of cement (Fig. 2B, D) .
Of the six pairs of thoracopods in O. californiana, pairs 1-4 are similar in size, whereas pairs 5-6 are slightly smaller. All thoracopods are composed of a 2-segmented protopod supporting an endopod and exopod, both of which are 2-segmented (Fig. 3C) . The endopod of thoracopod 1 bears five setulate setae, the setules of which are approximately 13 lm long. The first two setae are inserted on the distal border of the first segment. Setae 3-5 are inserted at regular distances along the internal Fig. 2 . Cyprid of Octolasmis californiana, SEM micrographs except for A and B (light microscopy): A, total lateral view, note the triangular projection of the host's gill lamella; B, detail of antennules and site of attachment of larva; C, frontal horn pore; D, detail of anterior ventral section of attached cyprid; E, seta of a carapace pore; F, first two pairs of lattice organs on the dorsal surface of the cyprid, note two large pores in front of the anterior pair. Scale bars represent: A and B, 100 lm; D, 100 lm; E, 2 lm. margin of the second segment. All setae are approximately 120 lm long.
The exopod of thoracopod 1 carries six setae; the first seta is about 30 lm long, stout and serrate, and arising from the first segment. In the second segment, the four more proximal setae are setulate and inserted along the lateral margin, whereas only the distal one is thicker and spinulate (Figs. 3D, 4C ). The first segment is stouter than the second one and bears a single, longitudinal row of small spines beneath the large and thick serrate seta (Fig. 3E) .
The endopod of thoracopod 2 bears six setulate setae. The setules are approximately 13 lm long, and the setae are 140 lm long; the first two setae arise from the distal margin of the Fig. 3 . Cyprid of Octolasmis californiana, SEM micrographs: A, third and fourth pairs of lattice organs, the anterior end is to the right; B, detail of a lattice organ showing the difference in pore size with the rest of the surface of the carapace; C, lateral view of thoracopods and caudal rami, the carapace has been removed; D, exopod of first pair of thoracopods, the setae of the second segment are numbered, scale bar represents 10 lm; E, lateral view of exopod of second thoracopod; F, detail of exopod of second thoracopod, the setae of the second segment are numbered. first segment, two setae arise from the median section of the second segment, and two are apical.
The exopod of thoracopod 2 bears seven setae very similar in size and position as those of thoracopod 1. On the second segment, the proximal four setae are disposed in a row along the internal margin; whereas the fifth and sixth setae are apical, one thin and flexible, the other one thick and serrated (Figs. 3F, 4D) .
The 2-segmented caudal rami bear a single long seta arising from the distal margin of the first segment that reaches the distal margin of the second segment (Fig. 4A) . The second segment is longer and thinner than the first one. Apically, each ramus bears two thick, finely spinulate setae of approximately the same size, and three very thin setae that appear completely flexible (Fig. 4B ).
DISCUSSION
The microscopic anatomy of the cyprid of Octolasmis californiana is explored for the first time, taking advantage of the finding of a significant number of attached cyprids to the gills of the Pacific blue crab Callinectes arcuatus, from the coast of Nayarit, Mexico. The general appearance of the larva is more regular in shape than usually seen; that is, its width and height vary little along its length, and in lateral view both anterior and posterior ends are similarly rounded.
In O. californiana, the carapace is smooth and covered with minute pores and scattered short setae. Salient features of the carapace are the lattice organs and the frontal horn pores, which can be used to establish relationships among groups. Regarding the frontal horn pores, Elfimov (1995) described a ''lepadoid'' type in which the pore is surrounded by setae, a description that does not fit O. californiana; instead his ''scalpelloid'' type, described as ''small round openings with a thickened rim,'' is what is present in this species. This apparent contradiction of having a lepadomorph with scalpellomorph characters suggests that Octolasmis may represent an advanced form within the Lepadomorpha or that usefulness of the frontal horn pore morphology needs to be reconsidered.
The distribution pattern of the lattice organs in O. californiana is different from other known patterns reported by Jensen et al. (1994) . In O. californiana the anterior two pairs are not only very close to each other along the hinge line but slightly overlap, as do the third and fourth pairs posteriorly, whereas the fifth pair are spaced away from the hinge line. In terms of the position of the organs, the arrangement resembles those found in the Lepadidae. Another similarity with the Lepadidae is that in spite of great size differences among the cyprids, the length of the lattice organs represents 2% of the total length of the cyprid (O. californiana total length 550 lm, lattice organ length 16 lm; Lepas australis Darwin, 1851, total length 2600 lm, lattice organ length 52 lm; and L. pectinata Spengler, 1972, total length 1400 lm, lattice organ length 30 lm) (Jensen et al., 1994) . These similarities between the Lepadidae and the Poecilasmatidae are congruent with their grouping in the Lepadomorpha (Newman, 1987 (Newman, , 1996 Martin and Davis, 2001) .
The thoracopod morphology resembles that of Balanus amphitrite Darwin, 1854, in having 2-segmented protopod, endopod, and exopod, a condition that has been regarded as derived within the Thoracica by Glenner and Høeg (1995) . A 2-segmented protopod is a condition that was described by Darwin (1854) for Lepas australis. A primitive condition with 3-segmented endopods and exopods of the thoracopods is found in the cyprid of the thoracican Lithotrya dorsalis Ellis and Solander, 1786 (Dineen, 1987) . The setation pattern of the thoracopods of O. californiana is different from that reported for Semibalanus balanoides Linnaeus, 1766 (Walker and Lee, 1976) and B. amphitrite (Glenner and Høeg, 1995) in having one extra seta on the endopod and exopod of thoracopod 1 and two and one more setae on the endopod and exopod, respectively, of thoracopods 2-6. Glenner and Høeg (1995) suggested a reduced number of setae on the thoracopods was the apomorphic condition as found in the balanomorphs, and the new data from O. californiana supports this idea.
The last segment of each ramus of the caudal rami in O. californiana bears five setae, two large, symmetrical and finely spinulate ones, and three short and thin ones (Fig. 4B) . In contrast, the five setae in Lithotrya dorsalis and B. amphitrite are all of different lengths and thicknesses (Dineen, 1987; Glenner and Høeg, 1995) .
In summary, the cyprid morphology of O. californiana fits well an emerging pattern where structures such as the lattice organs, frontal horn pores, and thoracopods can help define the phylogenetic placement of a species. Fig. 4 . Cyprid of Octolasmis californiana: A, caudal rami; B, detail of the two main setae with fine spinulation of the second segment of one branch of the caudal rami; C, exopod of thoracopod one, only seta 2 is shown with setulae, setulae of 3-5 omitted; D, exopod of thoracopod two, only seta 6 showing setulae, those of 2-5 omitted.
